Selective modulation of endothelial cell [Ca2+]i response to flow by the onset rate of shear stress.
The response of endothelial cells (ECs) to their hemodynamic environment strongly influences normal vascular physiology and the pathogenesis of atherosclerosis. Unique responses to the complex flow patterns in lesion-prone regions imply that the temporal and spatial features of the mechanical stimuli modulate the cellular response to flow. We report the first systematic study of the effects of temporal gradients of shear stress on ECs. Flow was applied to cultured ECs using a novel cone-and-plate device allowing precise and independent control of the shear stress magnitude and the onset rate. Intracellular free calcium concentration ([Ca2+]i) increased rapidly following the onset of flow, and the characteristics of the transient were modulated by both the shear stress magnitude and onset rate. ECs were most sensitive to shear stress applied at physiological onset rates. Furthermore, the relative contribution of extracellular calcium and IP3-mediated release were dependent upon the specific flow regime.